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B ECAUSE of their high visibility, abundance
and extensive ecological radiation, Anolis lizards have attracted much attention from ecologists. From a plethora of anoline studies has emerged a body of commonly accepted ecological generalizations. However, there still remains some question as to how widely these generalizations apply outside the specific conditions in which they were originally conceived. A primary goal of our investigation was to test some of the current hypotheses regarding food resource utilization.
Most of the documentation of food niche partitioning has come from studies of anoles on the relatively small Lesser Antillean islands (Andrews, 1979; Schoener, 1967; Schoener and Gorman, 1968). These islands are characterized by high density, simple anole communities (1 or 2 species) and depauperate faunas of potential anoline competitors and predators (Andrews, 1979; Schoener and Schoener, 1978; Wright, 1981). On such islands, the competition experienced by anoles is perceived as intense and largely intrageneric, with the lizards being food limited. In contrast, studies of food habits of anoles on the Central American mainland have not found evidence for food niche partitioning, implying that competition for food is relatively unimportant in these ecologically complex communities (Andrews, 1971 (Andrews, , 1976 (Andrews, , 1979 Fitch, 1972; Fleming and Hooker, 1975; Sexton et al., 1972) . Thus, a strong ecological dichotomy between island and mainland anoles has been suggested based on relatively few studies within a restricted and distinctly divergent set of faunas.
Our study examines Anolis opalinus, one of seven species of anoles on the Greater Antillean island of Jamaica. This is an abundant species, with many congeneric competitors, residing in a habitat intermediate between the small island and mainland paradigms. Our data provide the opportunity to: 1) determine the pattern of food Site.--Mandeville, Manchester Parish, Jamaica was the collection site. The town is located on a plateau (elev. 690 m) in the central part of the island, and is characterized by relatively constant daylength, temperature and humidity, and a seasonally defined rainfall pattern (Fig.  1) . With the exception of daylength, weather data were recorded daily during the year of collection (April, 1970 -March, 1971 ) by the junior author and Robert Sutton (a Mandeville resident), using rain gauges and max-min thermometers at two localities in Mandeville and a hygrothermograph at a single Mandeville site. Daylength varied only about two hours throughout the annual cycle (Licht and Gorman, 1970); maximum monthly temperatures varied about 4.5 C (27.5-32 C), with monthly minima ranging from 11 C to 17 C; and the mean monthly humidity fluctuated between 62% RH in April to 80% RH in Sept.
Of the recorded climatic variables, only rainfall showed noteworthy seasonal differences. Rainfall in Jamaica divides the year into dry and wet seasons (Fig. 1) . Mann-Whitney U tests (Siegel, 1956) showed that rainfall was significantly higher (P < 0.01) in the described wet season than in the dry season, and that rainfall in May and Oct. was significantly higher (P < 0.05) than the remainder of the wet season. These same trends were true of a 10 year (1961) (1962) (1963) (1964) (1965) (1966) (1967) (1968) (1969) (1970) Mandeville record (Robert Sutton, pers. comm.). The monthly rainfall in the year of collection correlated well with the average monthly rainfall measured over Sutton's 10 year record (r = 0.74), with the total annual rainfall on the collection site (203.5 cm) being very similar to the annual ten year average (208.8 cm).
Collections.-Food habit data were obtained from 340 lizards collected in 33 samples (approx. three samples/month) by the junior author. Lizards were killed within an hour of capture using chloroform. An individual identification number (marked by toe clipping), body weight (to nearest 0.01 g), snout-vent length (SVL), total length, collection site and date of capture were recorded for each animal. The lizards were fixed with 10% formalin, and 24 h later washed in water and stored in 70% ethanol.
Specimens were divided into four age and sex classes: 1) adult males (45-53 mm SVL, N = 101,9 = 48.33 ? SE 0.19 mm), 2) adult females (37-44 mm SVL, N = 148, 9 = 40.42 ? SE 0.16 mm), 3) subadult males 37-44 mm SVL, N = 45, : = 40.84 ? SE 0.38 mm) and 4) juvenile male and females (<37 mm SVL, N = 46, 9 = 33.11 ? SE 0.39 mm). The criteria for establishing these age and sex classes are as follows.
Adult males were determined by physiological and behavioral evidence. Some A. opalinus males exhibited spermatogenesis at 36 mm SVL, and at 40 mm SVL about half of the males were producing sperm. It was only when males were 45 mm SVL or larger that they were all reproductively mature and had the body size to de- fend territories in order to participate in reproduction (Jenssen, unpubl,. data).
Adult females were determined by presence of oviductal eggs. Only 7% of females smaller than 37 mm SVL were gravid. For size classes of 37 mm SVL and larger, the percentage of gravid females ranged from 61-85%.
Subadult males matched the SVL range of the adult female class (37-44 mm). These subadult males were in varying states of sexual maturity, whereas no males smaller than 37 mm SVL exhibited spermatogenesis.
Juveniles were composed solely of nonreproductive males and females, all being smaller than 37 mm SVL. 
Data

GENERAL DIET
Ninety-nine percent of the food items found in the stomachs of 340 lizards were arthropods, with over 90% being from one of six orders (Hymenoptera, Coleoptera, Diptera, Hemiptera, Lepidoptera and Araneida) ( Table 1) . Besides invertebrates, cast skins of the lizards (eaten during shedding) were the next most common item, appearing in 6% of the stomachs. Of rare appearance were items apparently ingested accidentally (dirt, pebbles, fecal pellets and bits of vegetation). Only 6% of the lizards had empty stomachs, and only two lizards had empty digestive tracts. The only vertebrate prey item found was a hatchling Anolis valencienni in the stomach of an adult male, indicating that A. opalinus is a potential predator on young anoles. Ants (Formicidae) comprised about 70% of all captured food items in both the wet and dry seasons (Table 1) . If the prey taxa are ranked according to frequency of appearance, A. opalinus might appear to be myrmecophagous. However, this is not reflected by a volumetric comparison of these taxonomic categories as ants only accounted for approximately 12% of the diet (Table 1) .
Formicidae.-Ants occurred at high frequency in the opalinus diet. All but two lizards had fed on ants. The dry season lizards averaged 14 ants/stomach, while those from the wet season averaged 10/stomach. Approximately 80% of the captured ants were of the Myrmicinae; the most common was Wasmannia auropunctata (Roger), a small (1.3 mm) species which comprised 46% of the ants found in the stomachs. Ants, therefore, represented small individual food items, 98% of which were _3 mm in length. Even though ants were numerically dominant to all other taxa, they constituted less than 20% of the diet biomass in more than half the lizards sampled in either season (Figs. 2, 3) . Those lizards (45) in which ants composed 80% or more of their stomach content volumes had eaten significantly less than other lizards (295) (mean prey volumes = 10.6 mm3 vs 31.4 mm3; MannWhitney U test, P < 0.001). Thus, lizards feeding solely on ants were not filling their stomachs with this prey.
Another way of evaluating the importance of ants as a food source is to calculate the volume of prey acquired per prey capture. Ants averaged only 0.28 mm3/item; 17 of the 23 taxonomic categories yielded greater mean volumes per capture than ants (Table 2 ). In terms of volume, 200 ants were equivalent to one adult orthopteran, and 86 ants were equal to one lepidopteran larva. Because each ant provides such a small volume intake for a lizard, it appears that high availability and ease of capture are primary factors influencing the lizards' choice of food.
Prey quality.-Although no direct study was made of prey digestibility, the condition of intestinal contents indicated that some food items were more readily digested than others. For example, only the head capsules of lepidopteran larvae remained intact after passing into the small intestine. In contrast, whole exoskeletons of ants and coleopteran adults were commonly found in the large intestine. Those prey orpho-species which appeared to have a high proportion of indigestible material to volume (e.g., coleopterans, hymenopterans, hemipterans, acarines and gastropods) were designated hard bodied. Conversely, those morpho-species with a small proportion of indigestible body parts (e.g., lepidopterans, orthopterans, dipterans, araneids and homopterans) were designated soft bodied.
By volume, lizards tended to eat soft bodied prey; this food comprised 57-81% of the diet, depending on season and lizard class (Table 3) . The large number of ingested ants, however, skewed the numbers of prey taken by all lizard classes toward hard bodied food (60-85%). If the ants are excluded, soft bodied prey predominated numerically as well as volumetrically.
FOOD RESOURCE PARTITIONING
Trophic structure and prey length. -Anolis opalinus exhibits size dimorphism for mean head length, head width and snout-vent length. These measurements were approximately 1.2 times greater for adult males than for adult females and subadult males, and 1.2 times greater for the last two classes than for juveniles (Fig. 4) . Thus, larger lizards had larger trophic structures (i.e., mouths). This condition predicts that the largemouthed lizards should take large-size prey.
Comparisons of prey size distributions, however, did not indicate substantial resource partitioning during either season (Figs. 5, 6 ). Kolmogorov-Smirnov two-tailed tests showed that during the wet season adult females ate significantly larger prey than did either adult males (P < 0.001) or subadult males (P < 0.05); even juveniles ate significantly larger prey than adult males (P < 0.025) during this period. The only other significant comparisons showed juveniles eating smaller food items in the dry season than any other age-sex class (Ps < 0.05). The exclusion of ants from the analysis did not change the above results. are frequencies for classes x and y, respectively, for the ith category. The index, D, ranges from zero (no overlap) to one (complete overlap). Two data sets were used: frequencies of occurrence for prey "size" (length) and frequencies of occurrence for prey "taxa" (morpho-species). These two data sets were also analyzed with ants deleted.
The overlap indices were all greater than 0.7 for the various age-sex class comparisons, with most being over 0.85 (Table 4 A fact to be emphasized is that overlap indices derived across seasons within lizard classes tended to be smaller than those resulting from comparisons among lizard classes within any season (Table 5 ). Therefore, season had more apparent influence upon diversifying the diet than did size of trophic structure or any possible feeding preferences.
Ant utilization. -Although ants were the most frequently eaten taxon for all classes of lizards, both adult classes ate significantly more ants (2 X 2: x2 contingency tables, P < 0.05) than did juveniles in the wet season, and adult males ate significantly more ants (P < 0.05) than all other classes during both seasons. The largest lizards most heavily utilized some of the smallest morpho-species food items. 
SEASONAL EFFECTS
Prey taxa (frequency and volume).--Numerically, ants dominated the diets of all classes of lizards during both seasons. Comparisons showed no significant differences (2 X 2: x2 contingency table test) in the number of ants eaten between seasons for both adult classes of lizards. However, the subadult males and juveniles ate significantly more ants (P < 0.05) in the dry season than in the wet.
Using volumetric data, lepidopteran larvae contributed heavily (44%) to A. opalinus diet in the dry season and less so (22%) in the wet season (Table 1) . Orthopterans, primarily grasshoppers, made up most of the volumetric difference when the lizards were eating fewer caterpillars in the wet season; orthopteran prey shifted from 5% in the dry season to 22% of volume intake during the wet. Lepidopterans and orthopterans were the principle prey items contributing to the food volume. Ants, the third most important contributor to dietary biomass (9-15%), remained relatively constant between seasons.
Prey size (frequency and volume).--Frequency of occurrence comparisons of prey lengths be- tween seasons showed that all classes of lizards ate significantly larger prey items in the wet season when compared with the dry (Kolmogorov-Smirnov two-tailed test, P < 0.001) (Figs.  5, 6 ). This is also reflected in the low overlap values for prey size when comparing within each lizard class among seasons (Table 5) .
The seasonal shift to larger prey size in the wet season was offset by a concomitant decrease in the average prey number/stomach. This decrease between the dry and wet seasons, respectively, was 17.9-16.5 for adult males, 21.3-16.1 for adult females, 19.8-10.2 for subadult males, and 18.4-9.5 for juveniles. The actual volume of food taken, however, remained relatively constant across seasons (Figs. 7, 8) these comparisons, there were no significant differences between seasons for three lizard classes; only juveniles showed a significant (P < 0.01) decrease from 18.6 mm3 in the dry season to 10.1 mm3 in the wet season. In addition, the discriminant analysis found no significance when comparing volume intake between lizard classes of any season. In summary, lizards were eating more but smaller prey in the dry season, and fewer but larger prey in the wet season. These two counter-balancing trends produced a constant volume of food intake that was independent of season, age-sex class, and body size.
Organ weight cycling.-The fat bodies and liver are recognized organs of lipid and glycogen storage. After adjusting for each lizard's size (organ weight/body weight), relative fat body and liver weights were compared across seasons by class of lizard. The resulting fat body and liver ratios were largest in the dry season for all classes of lizards (Fig. 9) . Discriminant analysis (BMDP, Dixon, 1975) disclosed significantly greater dry season fat body ratios (P < 0.01) for both adult sexes than their corresponding wet season values. For adult males, this dry season value was 2.9 times as great as that from the wet, and for adult females there was an even more dramatic seasonal differential, with the mean fat body ratio being 9.3 times as large in the dry as in the wet season. In contrast, subadult male and juvenile values did not fluctuate significantly between seasons (Fig. 9) .
The adult females withdrew a larger percentage (89%) of their lipid reserves during the wet season than any of the lizard classes. In fact, 90% of adult females from the wet season sample had negligible to no fat bodies. Since all wet season females were gravid, this seasonal effect was expected in light of lipid demand for egg production (Gorman and Licht, 1974; Hahn and Tinkle, 1965; Licht and Gorman, 1970). To reinforce this interpretation, the reproductive conditions of adult females from the dry season were also examined; 62% contained oviductal eggs. These gravid females had significantly smaller (P < 0.05) fat body ratios than nongravid adult females (1.76 vs 4.25), indicating lipid utilization correlated with egg production and not with season alone.
The liver ratios followed the same seasonal trend as the fat body ratios. Discriminant analysis found adult males (P < 0.01), adult females (P < 0.01), and subadult males (P < 0.05) had significantly lower liver ratios in the wet season as compared with their corresponding class values from the dry season.
COEFFICIENT OF CONDITION
Lipid and glycogen reserves were apparently reduced to the greatest extent during the wet (Fig. 10) . Given the relatively constant volume of food intake across seasons, the population reflected no severe food limitation for any particular season. These and other factors examined for seasonality are summarized in Table 6 . In Mandeville, A. opalinus rarely perched above 2 m and there was no significant difference in perch height and perch diameter between the sexes, although adult males did tend to occupy the higher and larger diameter perches (Jenssen, 1973). Any spatial separation which might occur among lizard classes is further minimized if Andrews' (1971) observations of A. polylepis can be extrapolated to A. opalinus. She found that the points at which prey captures were made overlapped more among intraspecific classes than their corresponding perch height data. Therefore, the available information on A. opalinus does not indicate that structural habitat partitioning is a significant factor promoting decreased intraspecific competition for food.
The moderate sexual dimorphism in size exhibited by A. opalinus suggests that this may be morphological evidence that the species is partitioning food resources by prey size. However, the food habit data do not support this theo- A comparison of A. opalinus adult males with conspecific juveniles further emphasizes the absence of apparent food resource partitioning. These two classes had the most divergent perch habits (Jenssen, 1973; Schoener and Schoener, 1971 a) and trophic structure dimensions. The adult male: juvenile head width and head length ratios were 1.57 and 1.37, respectively; the head length ratio approaches the median head length ratios for adult sexes of solitary species on small islands (Schoener, 1977). Nevertheless, adult male and juvenile A. opalinus overlapped extensively in size of prey and taxa (0.91 and 0.82, respectively). In fact,juveniles took significantly larger prey than adult males in the wet season (Fig. 6) .
One might speculate that the lack of food niche partitioning by A. opalinus is an artifact of a restricted distribution of available prey sizes. We have no estimate on prey availability to directly refute this possibility, but there are strong inferential data. First, all A. opalinus age and sex classes took prey over the same relatively wide prey-length spectrum (1-20 mm). Second, the same range of prey sizes was taken by opalinussized anoles in Bimini (A. sagrei and A. distichus), where these species were found to partition by prey length (Schoener, 1968) .
Seasonal effects.-Fat body and liver weights varied with season. Several factors might affect these organ weight cycles, one being seasonal fluctuations in prey availability. Though arthropod abundance was not measured, the lizards' food volume intake did not change significantly between seasons; if there were large fluctuations in available food, the lizards appeared to compensate. In fact, if ants are being used as a substitute when more preferred food is less available, there were few seasonal data indicating such a shift toward ants. Only subadult males and juveniles ate more ants in the dry season, a period when prey availability may be low (Stamps and Tanaka, 1981).
A more likely factor for seasonal organ weight fluctuations is that there were increased energetic demands in the wet season associated with reproduction (e.g., egg production and territorial defense). A correlation between increased reproductive activity and reduced fat body weights supports this contention. Relative fat body and liver weights were lowest for A. opalinus in the wet season, the period of maximum reproductive activity (Fig. 9) . Even in the dry season, gravid females had significantly smaller (P < 0.05) fat body ratios than nongravid females (1.76 vs 4.25). The absence of marked organ weight cycling in the nonreproductive subadult male and juvenile classes (Fig. 9) We found no evidence from our data that A. opalinus experienced a seasonal bottleneck in feeding. The lizards took about the same volume of prey across seasons. In conjunction with a relatively constant food intake, coefficients of condition did not change seasonally (Fig. 10) , implying that there was no extended period of energetic stress that might have forced the lizards to catabolize body mass. A. opalinus built up their fat bodies in the dry season and, with the exception of some reproductively active adult females, continued to have these lipid reserves present through the wet season. These data suggest that food resources are adequate for this species throughout the year. Furthermore, the absence of apparent food niche partitioning among the age and sex classes suggests that intraspecific food competition may not be a significant factor for A. opalinus as it appears to be for previously studied congeners on small islands.
In summary, A. opalinus shares certain characteristics with other insular anoles, being sexually dimorphic in size and feeding on many ants. However, this species more closely resembles mainland anoles in its conspicuous lack of food niche partitioning.
